ATP binding modulates the nucleic acid affinity of hepatitis C virus helicase.
The helicase of hepatitis C virus (HCV) unwinds nucleic acid using the energy of ATP hydrolysis. The ATPase cycle is believed to induce protein conformational changes to drive helicase translocation along the length of the nucleic acid. We have investigated the energetics of nucleic acid binding by HCV helicase to understand how the nucleotide ligation state of the helicase dictates the conformation of its nucleic acid binding site. Because most of the nucleotide ligation states of the helicase are transient due to rapid ATP hydrolysis, several compounds were analyzed to find an efficient unhydrolyzable ATP analog. We found that the beta-gamma methylene/amine analogs of ATP, ATPgammaS, or [AlF4]ADP were not effective in inhibiting the ATPase activity of HCV helicase. On the other hand, [BeF3]ADP was found to be a potent inhibitor of the ATPase activity, and it binds tightly to HCV helicase with a 1:1 stoichiometry. Equilibrium binding studies showed that HCV helicase binds single-stranded nucleic acid with a high affinity in the absence of ATP or in the presence of ADP. Upon binding to the ATP analog, a 100-fold reduction in affinity for ssDNA was observed. The reduction in affinity was also observed in duplex DNA with 3' single-stranded tail and in RNA but not in duplex DNA. The results of this study indicate that the nucleic acid binding site of HCV helicase is allosterically modulated by the ATPase reaction. The binding energy of ATP is used to bring HCV helicase out of a tightly bound state to facilitate translocation, whereas ATP hydrolysis and product release steps promote tight rebinding of the helicase to the nucleic acid. On the basis of these results we propose a Brownian motor model for unidirectional translocation of HCV helicase along the nucleic acid length.